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57 ABSTRACT

This invention relates generally to a flexible fastener for
coupling members. In a preferred embodiment, the flexible
fastener may be used to couple members that are non-
parallel, non-aligned, or in specific instances when selective
compliance in a member is desired. The present invention is
directed generally to a fastener that comprises a spiral set of
teeth. The spiral set of teeth are configured to allow a nut to
travel along at least a portion of the spiral set of teeth. A
selectively compliant core material runs completely inter-
nally to the spiral set of teeth, so that the fastener is laterally
flexible along a length of the fastener. The selectively
compliant core material is connected to the spiral set of
teeth.

16 Claims, 7 Drawing Sheets
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1
FLEXIBLE FASTENER

CROSS-REFERENCES TO RELATED
APPLICATIONS

This is a continuation of prior application Ser. No. 10/065,
564 filed on Oct. 30, 2002, now U.S. Pat. 6,955,513 which
is hereby incorporated by reference in its entirety. This
application claims the benefit of U.S. Provisional Applica-
tion No. 60/366,165, filed Mar. 21, 2002, which is also
hereby incorporated by reference in its entirety.

BACKGROUND OF INVENTION

1. Field of the Invention

This invention relates generally to a flexible fastener for
coupling members. In a preferred embodiment, the flexible
fastener may be used to couple members that are non-
parallel, nonaligned, or in specific instances when selective
compliance in a member is desired.

2. Discussion of the Related Art

Entirely rigid fasteners have been used previously to
couple members. However, due to the rigidity of prior art
fasteners, only perfectly planar and aligned members could
be coupled. Additionally, members requiring selective com-
pliance, could not be attached with the fasteners of the prior
art.

Previously contemplated devices to obviate these and
other problems were developed such as the bolt structure
described in U.S. Pat. No. 36,014 of Meissner. Meissner
teaches a bolt structure made of a bolt shank comprised of
a collection of wires twisted together with solid ends on
either end of the shank. The solid ends at either end of the
shank are for a bolt head and for cutting threads necessary
to receive a nut. The bolt contemplated by Meissner consists
of a flexible portion intermediate to solid portions on either
distal end of the bolt structure. While the bolt described by
Meissner may be advantageous in comparison to a totally
rigid bolt in some circumstances, the bolt still has some
limitations. Namely, the inherently rigid portions on either
end of Meissner’s bolt are not sufficient to couple non-planar
or non-aligned members easily. Additionally, because the
threads of Meissner’s bolt are limited solely to the rigid
portions on either side of the flexible material the bolt cannot
accept a nut along its entire length. Finally, due the rigid
portions at either end of Meissner’s bolt, it cannot be
laterally flexible along its entire length.

The present invention addresses the above and other
needs.

SUMMARY OF INVENTION

The present invention is directed generally to a fastener
that comprises a spiral set of teeth. The spiral set of teeth are
configured to allow a nut to travel along at least a portion of
the spiral set of teeth. A selectively compliant core material
runs completely internally to the spiral set of teeth, so that
the fastener is laterally flexible along a length of the fastener.
The selectively compliant core material is connected to the
spiral set of teeth.

In a preferred embodiment, a means for imparting rota-
tional movement to the fastener is attached at a distal end.
The preferred means are a bolt head and a screw head.
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2
BRIEF DESCRIPTION OF DRAWINGS

The above mentioned and other objects and features of
this invention and the manner of attaining them will become
apparent, and the invention itself will be best understood by
reference to the following description of the embodiment of
the invention in conjunction with the accompanying draw-
ings, wherein:

FIG. 1 is a side elevational view, partly in cross section,
of'a flexible fastener with flexible core material composed of
innermost wires grouped and bound with wires spirally
wound in opposing directions, and a detail picture of a tooth;

FIG. 2 is an in view of the flexible fastener of FIG. 1 with
flexible core material composed of innermost wires grouped
and bound with wires spirally wound in opposing directions;

FIG. 3 is a side elevational view, partly in cross section,
of'a flexible fastener with flexible core material composed of
individual innermost wires;

FIG. 4 is an in view of the flexible fastener of FIG. 3 with
flexible core material composed of individual innermost
wires;

FIG. 5 is a side elevational view, partly in cross section,
of a flexible fastener with a screw head;

FIG. 6 is a side elevational view, partly in cross section,
of a flexible fastener with a bolt head;

FIG. 7 is a side elevational view of a flexible fastener with
a bolt head and nut;

FIG. 8 is a side elevational view, in cross section, of a
flexible fastener with a bolt head and nut;

FIG. 9 is an example of a flexible fastener coupling two
members that are non-parallel;

FIG. 10 is an example of a flexible fastener coupling two
members that are non-aligned;

FIG. 11 is an example of a flexible fastener coupling two
members that have selective compliance relative to each
other;

FIG. 12 is an example of fastener threads (or teeth);

FIG. 13 is an example of fastener threads (or teeth) that
allow rotation;

FIG. 14 is an example of fastener threads (or teeth) that
were cut from a square threaded bolt;

FIG. 15 is an example of fastener threads (or teeth);

FIG. 16 is an example of fastener threads (or teeth);

FIG. 17 is an example of fastener threads (or teeth); and

FIG. 18 is an example of fastener threads (or teeth).

DETAILED DESCRIPTION

The following description is of the best mode presently
contemplated for practicing the invention. This description
is not to be taken in a limiting sense, but is made merely for
the purpose of describing the general principles of the
invention. The scope of the invention should be ascertained
with reference to the issued claims. In the description that
follows, like numerals or reference characters will be used
to refer to like parts or elements throughout.

The fastener of the present embodiment is compliant in
lateral directions, yet capable of carrying axial loads, i.e. the
fastener is not compliant in the axial direction. As such, the
fastener may be used in a variety of applications to connect,
tighten, or load other elements in the axial direction along
the length of the fastener as any other fastener is, but is
flexible to go through mismatched and misaligned holes and
holes that are not straight, between non-parallel (i.e. non-
planar) surfaces, or in machine applications where small
lateral movements are desired.
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The fastener constructed in accordance with the present
embodiment is designed for many uses for which it would be
impracticable or impossible to employ a rigid or inflexible
fastener. Thus, in many cases, in securing members together,
it is not possible to position the members in a perfectly
parallel (i.e. non-planar) or aligned fashion. Therefore, a bolt
with inherent flexibility may be used to secure members that
are either non-parallel or non-aligned, due to production or
construction errors. Such errors may include incorrectly
bored holes, incorrectly aligned members or mismatched
members. Although the embodiment contemplates coupling
non-parallel or non-aligned members, due to the fasteners
ability to carry an axial load, the fastener may be used to
couple members that are planar or aligned. The fastener is
multi-faceted and may be used in numerous applications and
situations to couple various types of members. Among the
types of members that may be connected are plastic, wood,
metal, drywall, rubber, leather, cardboard, rock and/or gran-
ite (such as in the use of countertops) and either hollow or
solid. Besides providing a means to fasten members that are
non-parallel or nonaligned, the embodiment may also be
used in circumstances when selective compliance is useful
or necessary. Selective compliance, i.e. maintaining stiffness
in the axial direction, but compliance in the lateral direction,
is especially useful in machinery. In a preferred embodi-
ment, the fastener may be used specifically in robots. For
example, in one embodiment, it may be advantageous for the
robot to move a part laterally, but not axially, such as in
inserting one part into another during assembly. Therefore,
a flexible fastener may be used to couple the part to the robot
so that the part will have lateral motion, but not axial motion.
The fastener may be used in combination with various
robotic parts either alone or with other types of fasteners, or
for example, in conjunction with other flexible fasteners. In
another application, the fastener may be used in medical
applications such as in knee replacement devices.

Referring now to the drawings, the features and embodi-
ments are now father described. In FIG. 1, a flexible fastener
1 is depicted. Shown are a flexible fastener 1, a spiral set of
teeth (i.e. threads) 3, a flexible core material 4, a detail
picture of a tooth 5, which in combination with other teeth
comprises the spiral set of teeth (i.e. threads) 3. The spiral set
of teeth (i.e. threads) 3 surrounds the flexible core material
4. The flexible core material 4 is connected to the spiral set
of teeth at both distal ends.

The spiral set of teeth 3 (i.e. threads) can slide, rotate or
both slide/rotate relative to each other. The spiral set of teeth
(i.e. threads) 3 can be made of a variety of materials such as
metal, solid plastic material, composites, fiberglass, and
fibers of various materials such as carbon, Kevlar, silk, linen,
and nylon. Also shown in FIG. 1 is a detail picture of one
possible conformation of a tooth 5, which in combination
with similar teeth comprises the spiral set of teeth (i.e.
threads) 3. Although the structure of tooth 5 shows one
possible conformation, many other conformations of teeth
are possible to produce a spiral set of teeth (i.e. threads) 3,
as are described and depicted later in the application.

The flexible core material 4 is flexible and load carrying.
The flexible core material 4 can be made of almost any
material in any appropriate configuration such that it pro-
vides axial load carrying capability while laterally flexible.
In a preferred embodiment, the flexible core material 4 can
be made of nylon or other fibers, torque carrying flexible
shafts, and solid plastic material. In another preferred
embodiment, the flexible core material 4 may be comprised
of innermost wires grouped and bound with wires spirally
wound in opposing directions, as is shown in FIG. 1.

20

25

30

35

40

45

50

55

60

65

4

Although in some situations this particular conformation
may be advantageous, the flexible core material may assume
many other conformations including individual fibers run-
ning in the same direction along the length of the flexible
fastener 1, such as is shown in FIG. 3, or solid material
running the length of the flexible fastener 1.

The flexible core material 4 is coupled to the set of spiral
teeth (i.e. threads) 3 at both distal ends. Any method may be
employed to couple the flexible core material 4 to the spiral
set of teeth 3. As a result of coupling the flexible core
material 4 to the spiral set of teeth, the fastener remains
flexible while a nut can travel along the length of the bolt and
carry an axial load. In a preferred embodiment, the flexible
core material 4 is connected to the spiral set of teeth 3 by any
method such as gluing, brazing, welding, and pinching. In
another preferred embodiment, the flexible core material 4
may be coupled to the spiral set of teeth 3 by welding,
pinching or brazing a plate, such as a washer, to the flexible
core material 4 at a distal end so that the threads 3, sits on
top of the plate.

Looking now at FIG. 2, an in view of the flexible fastener
1 is shown. Included in the in view are the flexible core
material 4, which runs the length of the flexible fastener 1.
The in view shows only one possible configuration of the
flexible core material 4. In this case, the flexible core
material 4 is comprised of innermost stands grouped and
bound with strands spirally wound in opposing directions.

Shown in FIG. 3 is another example of a flexible fastener
1. Shown are a flexible fastener 1, a spiral set of teeth (i.e.
threads) 3, and a second type of flexible core material 6. The
spiral set of teeth (i.e. treads) 3 surrounds the type 11 flexible
core material 6. The flexible core material 6 is connected to
the spiral set of teeth 3 at both distal ends. The type II
flexible core material 6 is composed of a number of indi-
vidual threads running in a single orientation the entire
distance of the flexible fastener 1. The type 11 flexible core
material 6 is just another example of the numerous configu-
rations the core material may have.

FIG. 4 shows an in view of the flexible fastener 1.
Included in the in view are the spiral set of teeth 3 and the
type 11 flexible core material 6, which runs the length of the
flexible fastener in a single orientation and is composed of
anumber of individual strands grouped together. The type 11
flexible core material 6 is another example of the many
possible configurations that the core material may have.

Shown in FIG. 5 is a flexible fastener 1 with a screw head
10. Shown are a flexible fastener 1, a spiral set of teeth (i.e.
threads) 3, a flexible core material 4, and a screw head 10.
Coupled with a distal end of the spiral set of teeth 3 is a
screw head 10. Flexible core material 4 runs internally along
the length of the flexible fastener 1. Surrounding the flexible
core material 4, is the set of spiral teeth (i.e. thread) 3.

In a preferred embodiment, a means for imparting rota-
tional movement may be coupled with a distal end of the
flexible fastener 1. The means, although not necessary for
using the flexible fastener 1, may be advantageous in certain
applications. In a preferred embodiment, the means for
imparting rotational movement is a screw head 10. In this
scenario, the groove carved into the screw head 10 may be
in a conformation to accept either a standard or Philips type
screwdriver. In this case, the flexible fastener 1 may couple
two members when a screwdriver is applied to the screw
head 10 and is subsequently rotated, thereby rotating the
entire flexible fastener 1, to secure the flexible fastener 1 into
the members. The other distal end of the flexible fastener 1
may be fashioned to include a spiral set of teeth (i.e. threads)
3 so that each consecutive layer of teeth has a slightly
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smaller diameter than the previous one until the distal end
ends in a point so that the flexible fastener 1 may be secured
into a hard surface such as a wall or board. Alternatively, the
other distal end may end bluntly.

Shown in FIG. 6 is a flexible fastener 1 with a bolt head
11. Shown are a flexible fastener 1, a spiral set of teeth (i.e.
threads) 3, a flexible core material 4, and a bolt head 11.
Coupled with a distal end of the spiral set of teeth 3 is a bolt
head 11. Flexible core material 4 runs internally along the
length of the flexible fastener 1. Surrounding the flexible
core material 4, is the set of spiral teeth (i.e. threads) 3.

In another preferred embodiment, the means for imparting
rotational movement is a bolt head 11. Although as in the
case of the screw head, the rotational means are not neces-
sary for using the flexible fastener 1. However, the means
may be advantageous in certain applications. In a preferred
embodiment, the bolt bead 11 is coupled to a distal end of
the flexible fastener 1. The bolt head 11 may be made of a
mass of metal, or some other material, in a rectangular or
hexagonal shape. Although a rectangular or hexagonal shape
is preferred, any standard shape to fit a wrench, or other
rotational device, may be employed. To impart rotational
movement, a wrench, or other device for applying torque to
a bolt head, may be applied to the bolt head 11 so that the
bolt head 11 rotates, and thereby rotates the entire flexible
fastener 1 so that the flexible fastener 1 may couple two
members. Alternatively, the wrench, or other device for
applying torque may be applied to a nut so that the nut is
rotated with respect to the flexible fastener 1. The other
distal end of the flexible fastener 1 may be fashioned to
include a spiral set of teeth (i.e. threads) 3 so that each
consecutive layer of teeth has a slightly smaller diameter
than the previous one until the distal end ends in a point so
that the flexible fastener 1 may be secured into a hard surface
such as a wall or board. Alternatively, the other distal end
may end bluntly.

Turning now to FIGS. 7 and 8, a flexible fastener 1 with
a bolt head 11 and nut 12 is shown. Shown are a flexible
fastener 1, a spiral set of teeth (i.e. threads) 3, flexible core
material 4, a bolt head 11, and a nut 12. The flexible core
material 4 is surrounded by the spiral set of teeth 3, which
is covered with a spiral set of teeth (i.e. threads) 3. The spiral
set of teeth 3 is shown with a bolt head 11 coupled at one
distal end and a nut receiving means coupled at the other
distal end. A nut 12 is shown engaged with the flexible
fastener 1.

As a nut 12 is engaged with a flexible fastener 1, the
flexible fastener 1 is constructed so that the spiral set of teeth
(i.e. threads) 3 are compressed so that the tensile load is
carried by the flexible core material 4 (as opposed to the
spiral set of teeth (i.e. threads) 3). Therefore, tension is not
carried by the threads, but is transferred to the flexible core
material 4, thus increasing the strength of the flexible
fastener 1.

Referring now to FIG. 9, two non-parallel members 13 are
shown coupled with a flexible fastener 1. Shown are a
flexible fastener 1, a bolt head 11, two non-parallel members
13, and a nut 12. The flexible fastener 1 is inserted through
holes in both non-parallel members 13 and secured with a
nut 12 by rotating the bolt head 11 relative to the nut 12.
Alternatively, the nut 12 may be rotated relative to the bolt
head 11. The flexible fastener 1 is shown to have lateral
flexibility while carrying an axial load.

Turning now to FIG. 10, two members with non-aligned
holes 14 are shown coupled with a flexible fastener 1.
Shown are a flexible fastener 1, a bolt head 11, two non-
aligned members 14, and a nut 12. The flexible fastener 1 is
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inserted through holes in both non-aligned members 14 and
secured with a nut 12 by rotating the bolt head 11 relative to
the nut 12. Alternatively, the nut 12 may be rotated relative
to the bolt head 11. The flexible fastener 1 is shown to have
lateral flexibility while carrying au axial load.

Looking now at FIG. 11, a flexible fastener 1 is shown
coupling two members 15 in a selectively compliant manner,
in this case laterally. Shown are a flexible fastener 1, a bolt
head 11, members 15 connected in a laterally compliant
manner and nuts 12, 16, and 17. The flexible fastener is
inserted through holes in both members 15 and secured with
a series of nuts 12, 16, 17 by rotating the bolt head 11
relative to the first nut 12 and then rotating the second nut
16 relative to the first nut 12 and so on. Alternatively, the first
nut 12 may be rotated relative to bolt head 11 and then the
second nut 16 rated relative to the first nut 12 and so on. The
flexible fastener 1 is shown to have compliance in the lateral
direction while maintaining rigidity in the axial direction. In
this embodiment, the selectively compliant members 15 may
have motion relative to each other in the lateral direction
only.

As is shown in FIG. 12, FIG. 13, FIG. 14, FIG. 15, FIG.
16, FIG. 17, and FIG. 18, many different variations of teeth
are contemplated for use in the present invention. The spiral
set of teeth 3 (i.e. threads) can be made of any material that
is fit to carry the intended loads, in many different confor-
mations, such as those shown in FIG. 12, FIG. 13, FIG. 14,
FIG. 15, FIG. 16, FIG. 17, and FIG. 18, so long as it carries
the intended loads and the threads remain laterally flexible.
Additionally, the spiral set of teeth 3 (i.e. threads) should be
able to slide, rotate, or both slide and rotate relative to each
other.

Certain variations of teeth may be especially useful in
different circumstances. For example, an interlocking spiral
set of teeth 3 (i.e. thread pattern), such as those shown in
FIG. 12, FIG. 13, FIG. 17 and FIG. 18, are useful for larger
loads because they prevent buckling of teeth. In another
example, a spiral set of teeth 3 (i.e. threads) are advanta-
geously cut from a square threaded bolt as shown in FIG. 14.
Threads (spiral set of teeth 3) can also be produced by
rolling, extrusion, casting, and all manners of computer
aided manufacturing such as fused deposition, stereo lithog-
raphy, and 3-dimensional printing. Besides the spiral set of
teeth 3 (i.e. thread) conformations shown in FIG. 12, FIG.
13, FIG. 14, FIG. 15, FIG. 16, FIG. 17, and FIG. 18, in
another embodiment, the threads may also be comprised of
a compression spring with proper pitch and wire diameter to
match the flexible core material’s 4 diameter. In any case,
the pitch and diameter of a spiral set of teeth 3, compression
spring, or threads should be commensurate with the pitch
and diameter of the flexible core material’s 4 pitch and
diameter as well as the pitch and diameter of a given nut to
be used in conjunction with the flexible fastener 1, so that the
nut may be advanced on it.

As is previously described, the flexible fastener is useful
in numerous situations. The flexible fastener is especially
advantageous to easily and inexpensively couple non-par-
allel and non-aligned members. Additionally, the flexible
fastener is also useful in various situations where selective
compliance is desired. Among the many situations where the
flexible fastener may be advantageously used are: construc-
tion, seismic applications, robotics, machine applications,
flexible power transportation, and medical devices (e.g.,
knee replacement devices). All references cited herein are
incorporated by reference.
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What is claimed is:

1. A fastener, comprising:

a spiral set of teeth, the spiral set of teeth being configured
to allow a nut to travel along at least a portion of the

spiral set of teeth, adjacent ones of the spiral set of teeth 5

being in contact with each other and carrying the load
of the nut to an end of the fastener;

a selectively compliant core material running completely
internally to the spiral set of teeth, so that the fastener
is laterally flexible along a length of the fastener; and

coupling means for connecting the selectively compliant
core material to the spiral set of teeth.

2. The fastener of claim 1, wherein the coupling means is

welding.

3. The fastener of claim 1, wherein the coupling means is
pinching.

4. The fastener of claim 1, wherein the selectively com-
pliant core material comprises intermost wires grouped and
bound with wires spirally wound in both directions.

5. The fastener of claim 1, wherein the spiral set of teeth
interlock into one another.

6. The fastener of claim 1, further comprising a rotational
element coupled to one of the ends of the spiral set of teeth
for imparting rotational movement thereto.

7. The fastener of claim 6, wherein the rotational element
is a bolt head.

8. The fastener of claim 6, wherein the rotational element
is a screw head.

9. A fastener, comprising:

a spiral set of threads, the spiral set of threads being

configured to allow a nut to travel along at least a
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portion of the threads, adjacent ones of the spiral set of
threads being in contact with each other and carrying
the load of the nut to an end of the fastener; and

selectively compliant core material running completely
internally to the spiral set of threads, wherein the
selectively compliant core material is coupled to the
spiral set of threads so that the fastener is laterally
flexible along a length of the fastener.

10. The fastener of claim 9, wherein the selectively
compliant core material is coupled to the threads using
welding.

11. The fastener of claim 9, wherein the selectively
compliant core material is coupled to the threads using
pinching.

12. The fastener of claim 9, wherein the selectively
compliant core material comprises intermost wires grouped
and bound with wires spirally wound in both directions.

13. The fastener of claim 9, wherein the spiral set of
threads interlock into one another.

14. The fastener of claim 9, further comprising a rota-
tional element coupled to one of the distal ends of the set of
threads.

15. The fastener of claim 14 wherein the rotational
element is a bolt head.

16. The fastener of claim 14 wherein the rotational
element is a screw head.



